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Description 

Background of the Inventi n 

5 The present invention relates to a nMe gas tuitxne combustor and. particularly, to a gas turbine combustor ol Fe 
base casting alloy. Ni t>ase casting alloy or Co base casting alloy, each of which has an excellent property against ther- 
mal fatigue, and a gas turbine employing the comtHJstor. 

A gas turbine conrtHJStor is made by cold forming of plate, so that the plate is necessary to be sUloy which is excel- 
lent in hot worldng for forming a plate and in cold working for forming the combustor. Further, since the gas turbine com- 

10 bustor receives repeatedly heating smd cooling by combustion gas of high temperature, it should be eiiloy which has an 
excellent property against thermal fatigue. 

The present inventors found that the larger the reductkxi of area in tensile property at room temperature is, the bet- 
ter the cold workability of alloy is, and the larger the tensile proof strength, the reduction of area In tensile property and 
the creep rupture strength at high tenrperatLffe are, the better the property against thennal fatigue becomes. 

15 In conventional gas tuitine combustors, Hastelloy X (0.1C-22Cr-9Mo-0.5W-1Co-19Fe4)alance Ni) is used. How- 
ever, recent year, in order to improve the performance of gas turtsines, combustion gas temperature terxJs to be raised. 
Therefore, the combustion gas temperature becomes higher than a heating temperature of the combustor liner. Hith- 
erto, although the heating temperature of the combustion finer was less than 800*'C, it exceeds dOO^'C. Therefore, a suf- 
f ident property against thermal fatigue is riot attained by the conventional Hastelloy X which has been used. 

20 Since this alloy contains a lot of Mo, use of it for long time at a high temperature Ngher than 800^*0 precipitates a 
lot of brittle phase (inter metalBc compound ) and lowers remarkably the ductility of the alloy, whereby ttie alloy has such 
a defect that the property against thermeU feitigue is low. 

In the gas turbine combustor, fuel ir^ected from a fuel nozzle is introduced into a combustion liner through a cap to 
be burnt there, the combustion gas is guided into turbine nozzles and blades through a transition piece. In the gas tur- 

25 bine confi>ustor, the above-mentioned cap, finer and transition piece are exposed to high temperature, therefore, heat 
resisting alloy is used for those structural members as mentioned alxTve. bi particular, since louver holes each are pro- 
vided with sharp notches at both ends thereof, the louver hole portions are subjected to heat cycles of rapid heating and 
rapid cooling, further, stress concentration occurs at their notch portions, so that cracks due to tiiermal fatigue are apt 
to occur at the notch portions in case where alloy which is easy to suffer heat embrittiement is used. 

30 In order to improve power generation efficiency of a gas turbine power plant, technique to use the gas turbvie at 
high temperature is being studied. As tiie gas turbine is used at high temperature, it is desired to Inrprove endurance 
temperature of parts of the gas turbine. By development of Ni base alloy. Co base alloy, etc., the eixlurance temperature 
of those heat resisting alloy have been raised, however, the endurance temperature is about 850''C at nrx)8t at present 
On tiie other hand, ceramic material is more excellent in heat resistance ttian metal material. However, in case 

35 where the ceramic material is used as structural material, there is a problem of toughness, etc. Therefore, in order to 
meet the parts raised to high temperature, a lot of studies of methods in which tiie parts do not reach a high tempera- 
ture. As one of those methods, studied is a method of cooling tiie parts are made. Further, as another method, there is 
a metiiod of coating surfaces of metal members with ceramics of small thermal conductivity. Such coating is called as 
thermal tsanrier coating (hereunder, referred to as TEC). TBC is used, combined with various cooling methods, whereby 

40 the effect becomes larger. As an exantple, there is a report that temperature of a metal member which is a base mem- 
ber can be reduced by 50-10d*'C as compared with metal menrt>er on which TBC is not applied. By using such a 
method, the reliatMlity of structural menri>ers of high temperature gas turbines, etc. can be raised. On the other hand, 
there are technical problems of TBC such as adh^ence mechanism t)etween a base material and a ceranrvc coating 
layer and reliafcHlity thereof since TBC combines the base material of heat resisting alloy and the ceramic coating layer 

45 which is different in values representative of physical properties. In particular, in gas turbines, etc. damages occur such 
as separation of the ceramic coating layer by thermal cyde due to starting and stoppage of the gas turi3(ne. 
Combustor liner material is disclosed in JP B 62-53583 and TBC thereof is disdosed in JP A 61-174385. 
Operation temperature of gas turbines is increasing year by year as the effidency of the gas turbines are made 
higher. In combustors also, it progresses to make the tenrperature higher, and material used ttierelor also is desired to 

50 be excellent in high temperature strength. IHowever, cunrent combustors each are produced by bending a rolled plate 
into a cylindrical shape and weMing it Since tiie rofied plate has swaW grain size, tiie creep strength at high temperature 
is low. Further, since cracks may occur during forging or rolling, it was impossible to add a lot of alloy components for 
strengthening the material of the rolled plate. Therefore, tiie upper limit temperature in practice has been 800°C. Fur- 
ther, since the cylinder is produced by bending the rolled plate arxJ welding it the strength of welded portion is lowered. 

55 Even if TBC is practiced in order to prevent fc>ase metal temperature of gas turisine parts from becoming higher and 
reduce the temperature, the parts in which conventional TBC is practiced are impossible to suff identiy reduce the base 
metal temperature of the parts since the TBC is k>w in durability at high temperature. 

An object of tiie present invention is to provide a gas turbine combustor and a gas turbine employing the combustor, 
in wfiich alby having a high property against thermal fatigue at a higher temperature is used. In particular, an object of 
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the present invention is to prpvide a gas turbine connbustor and a gas turbine employing the combustor, in which alloy 
that the creep rupture strength at SSO^'C for 10^ hours is ZHg/mnf or more is used. 

Another object of the present Invention is to provide a gas turbine connbustor and a gas turbffie. each of which has 
a thermal barrier coating (T6C) in which joining force between ceramic material and a base plate is stable for long tkne 
5 and cracks and separation are not easy to occur. 

The present invention resides in a gas turbine combustor employing a combustor liner and a trarisHion piece each 
of which is made cytirxjrical by casting without welding. 

The combustor liner is made by precision casting or centrifugal casting and the transition piece is made by the pre- 
cession casting. The combustor liner has straight inner and outer perpheral surfaces. In particular, it is preferable to 
10 provide ring-shaped projections each peripherally extending on the outer perpheral surface for increasing cooBng and 
its strength. 

As material according to the present invention, any one of Fe base casting alloy, Ni base casting aOcy and Co t>ase 
casting alloy is used. The Co base casting alloy comprises, by weight. 0.04-1 .0% C. at vnosX 1% Si, at vnosX 2% Mn. 15- 
35% Cr. 0.5-20% W, at mo$t 30% Ni and 35-60% Co. and it is preferable to contain at most 3% of at least one kind of 

t5 MC type carbide forming elements such as Tl. Zr. Hf. V. In particular, preferable is alloy indudmg by weight 0.04-0.1 5% 
C. at most 1% Si. at nfx>st 2% Mn, 5-25% Ni. 20-30% Cr and 5-16% W. or alloy including, in addition to the above ele- 
ments, at least one element of 0. 1 -0.35% of Ti, Nb and Zr. 

The Fe base casting alloy comprises by weioN 0.04-1.0% C, at most 2% Si. at most 3% Mn, 15-35% Cr. 10-30% 
Ni and 30-50% Fe. and it is preferable to include further at most 3.0%, preferably. 0.1 -1% of at least one element of the 

20 MC type carbide forming elements as mentioned above. In particular, preferable is a Fe base casting alloy comprising 
by weight 0.15-0.6% C. 0.5-2.0% Si, 0.5-3% Mn. 15-30% Ni. 20-30% Cr. 0.10-0.30%Ti and 0.10-0.35% Nb. 

The Ni base casting alloy connprises by weight 0.04-0.5% C. at most 1% Si. at most 2% Mn. 15-35% Cr, 15-30 Co. 
at Pfiost 10% of at least one kind of W and Mo. 0.1-10% Ti. 0.1-5% Al and 35-55% Ni. and A is preferable for the alloy 
to include further at nrx>st 2% of at least one element of Ta. Ntx V, Hf and Zr. In particular, preferable is a Ni base casting 

25 afloy comprising by weight 0.05-0.15% C, at most 1% Si, at most 2% Mn, 20^0% Cr, 15-25% Co, 4-10% W, 1.5-3.5% 
Tl and 1.0-2.5% Al. In those alloys according to the present invention, it is preferable to make grain size equal to or 
larger than lOO^m, preferably equal to or larger than 300^m in order to inaease high temperature strength. Further, in 
order to pres^ent the strength of welding portions from lowering, it is necessary to make a cylindrical member without 
welding. In order to soh^e this, the cylindrical member is manufactured by centrifugal casting or lost wax precision cast- 

30 ing. By casting it. the cylirxJrical member which has large grain size and no wekfing portion can be attained. 

The present invention resides in a cylindrical gas turbine comfcxistor tximing injected fuel and leacGng the combus- 
tion gas into torbine nozzles, the inner cylindrical tube of above-mentioned combustor being made of casting alloy com- 
prising, by weight 0.04-0.15% C, at most 1% Si. at nrx)st 2% Mn, 15-35% Cr and 0.5-20% W. or further including 15- 
40% Co. 0.1-5% Al. 0.1-5% Ti and 0.001-0.1% B, and bal. Ni of 20% or more, the casting alloy being Ni base casting 

35 alloy having sutjstantially all austenrtic phase. Further, it is preferable for the present invention to include, in the above- 
mentioned alloy, at least one selected from a group consisting of at most 0.5% rare earth metal, at rnosX 3% Nb, at most 
0. 1% Mg and at most 0.5% Zr. In particular. 0. 1 -2% Al. 0. 1 -2% Ti and rare earth element 0.005-0.5% are preferable. 

The present invention resides in a gas turbine which comprises a compressor, a contxjstor for producing combus- 
tion gas. using air compressed by the cbnpressor and a tortxne driven by the combustion gas and which is character- 

40 ized in ttiat a cylindrical portion of the combustor exposed to the oontxistion gas is nDade cif austenrtic Fe base casting 
alloy. Ni base casting alloy or Co base casting alloy. 

Further, the present invention is characterized in that a compression ratio of the air is 15-20 and the temperature 
of the air is 350**C or more, the cyfindrical portion of tiie combustor exposed to the combustion gas is provided with pro- 
jections lor cooling at its outer perphery and the outer peripheral portion is cooled by the connpressed air so that its 

45 metal temperature becomes 800-900''C, and the temperature of the combustion gas at an outiet of the connbustor is 
1400**Cormora 

Further, the preserrt invention is characterized in that a compression ratio of tiie air is 15-20 and the temperature 
of the air is 350''C or more, the outer peripheral portions of a comtxjstor liner and a transition piece are cooled by ttie 
compressed air so that the metal temperature of the combustor liner and the transition piece, exposed to ttie combus- 
50 tion gas becomes 800-900**C. the peripheral portion of the combustor liner is provkled witii projections for cooling, and 
the tenrperature of the contxistion gas is 1 400^C or more at an outlet of the combustor. 

In the preserrt invention, in a gas turbine which comprises a compressor having blades and static tslades of at least 
1 2 stages, ar^ a turbine, integrated with the compressor and rotated at a high speed by combustion gas generated in 
a combustor. the compressor can be a conrpressor in which blades are formed in a rotor to be one piece as a whole, a 
55 compressor which has at least 12 stage blades planted on a rotor divided into a plurality of rotor pieces, at least 6 stage 
blades being planted on one rotor piece and each of the other rotor pieces having at most 3 stage t)lades planted ther- 
eon, or a compressor in which blades in each of tiie at least 12 stages is fonmed in one disc. 

Further, in the present invention, any rotor material for the compressor is Ni-Cr-Mo-V low alloy steel, tor example, 
it is used tor the one piece rotor and the rotor having each cfisc having each stage blades, and in case of the rotor in 
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whi(^ blades are planted on cfivided rotor pieces, the final stage t)lades of the rotor piece on which blades from the f rst 
stage to the at least 6th stage are planted, are niade of the low alloy steel. F=br the low afloy steel, it is preferable that 
50% FATT(fracture appearance transition temperature) is 20'C or less, and 475'*C 10^ hours creep rupture strength is 
aOkg/mm^ or more. 

5 Further, in the present invention, as rotor material for compressor, it is preferable to use Ni-Cr-Mo-V low aDoy steel 
conprising by weight 0.15-0.40% C, at most 0.1% Si. at most 0.5% Mn, 1.5-2.5% Ni, 0.8-2.5% Cr. 0.8-2.0% Ma 0.1- 
0.35% V and balance Fe and having full bainitic structure, for the one piece rotor, the rotor having each cfisc having each 
stage blades, and the rotor in which blades are planted on divided rotor pieces. The above low alloy steel is further char- 
acterized by further including 0.0-0.1% of at least one kind of Nb and Ta 

10 Further, in a split rotor type compressor according to the present invention, the rotor divided into 6 rotor pieces on 
which at least 15 stage blades are planted is preferable to be such that every 2 stage blades of blades from the frst 
stage to the 8th stage are planted on each rotor piece and every at least 3 stage blades of the 9th stage and the other 
stages are planted on each of the other rotor piecea 

Compressor blades of the first stage and, if necessary, at least one stage from the 2nd stage to the 5th stage are 

IS preferable to be made of Tl alloy, and blades from the 2nd stage to the final stage are preferable to be made of marten- 
sitic stainless steel except for the blades of Tt alloy. 

The present invention resides in a combined power generation system which is provided with a gas turl)ine. driven 
to rotate by combustion gas arxJ a steam turt)ine, driven to rotate by steam generated in a waste heat recovery boiler 
recovering the heat of exhaust combustion gas from the gas turbine, arxi generates power by rotation of the gas tuibine 

20 and the steam turtxne, arxi which is characterized in that a combustor liner of the gas tuibine is a casting of alloy 
selected from Fe base alloy, Ni base alloy and Co base alloy, a compression ratio of air corrpressed by a compressor 
is 15-20 and the temperature of the air is 400'*C or nwre. a cofTt)ustor outlet temperatire of the combustion gas is 
1400*'C or more, the temperatta^e of the combustion gas is 550-600'*C. arxi the steam turtxne has a high and low pres- 
sure section inte^Bted rotor shaft, the steam temperature being SSO'^C or more and thermal efficiency being 46% or 

25 nrx>re and/or the output thereof being 600 kW/(kg/S) or mora 

Further, the present invention resides in a combine$j power generation system which has a gas turt^ine driven to 
rotate by contxjstion gas, and a steam turbine driven to rotate by steam generated in a weiste heat recovery boiler 
recoverirKi the heat of exhaust combustion gas from the gas turbine, and generates power by rotation of the gas tuibine 
and the steam turtsine. and which is characterized in that a combustor liner of the gas turtjine is a casting of alley 

30 selected from Fe base alloy, hfi base alloy and Co base alloy, a compressor of 15^20 stage blades is provided, the com- 
pression ratio of air compressed tiy the compressor is 15-20 and the temperature of tiie air is 400''C or more, the gas 
turbine has at least 3 stages, a combustor outiet teirperature of the combustion gas is 1400''C or more, the temperature 
of tiie combustion gas is 550-600''C at an inlet of the waste heat recovery boiler and 130'C or less at an outiet of tiie 
boiler, and tiie steam turbine has blades planted on a high and low pressure section integrated rotor shaft, tiie final 

35 stage of ttie blades being 30 inches or more at a blade portion, the steam temperature being 530°C or more at a high 
pressure side inlet of the steam turbine and lOO'^C or less at a low pressure side outiet 

In the present invention, a combustor cylindrical liner and a transition piece are made of Fe base alloy, base alloy 
or Co base alloy By forming tiiem by casting, high strength is attained, further, since the cylindrical liner body has no 
welding portion, a strengtti decrease at the welding portion can be prevented. Since in the gas tuibine combustor, the 

40 combustion gas temperature has been raised, exceeding 1 300''C, and becoming 1 400oC. further 1 500''C, the combus- 
tor itself has been raised in temperature according to tiie elevation of the conrtxjstion gas temperatire. Therefore, mate- 
rial of higher strength at a higher temperature is desired, the material is possible to provide a structure having no 
welding portion in the barrel portion, and tiie structure thickened to 2mm or less of the thickness and having no cooling 
hole is possitrie. whereby it is possible to reduce an anraunt of air used fa cooling and improve the thermal efficiency ' 

45 C is contained 0.04% or more in order to precpitate carit}ides during use at high temperature and raise proof 
strength and creep strengtti at high temperature. However, when C exceeds 1 .0%. precipitation of cart>ides during use 
at high temperatore is remarkable, reduction of area in tensile property at high temperature is lowered. In Co base alloy 
and Fe base alloy, it is preferable to be 0.04-1.0%. and 0.04-0.5% in Ni base alloy. In particular, it is preferable to be 
0.05-0.2% in Ni base alloy, 0.15-0.35% in the Fe t^ase alloy and 0.15-0.35% in the Co base alloy 

so Cr effects solid solution into alloy and raises proof strengtti at a high temperature and aeep strengtti. tt is neces- 
sary to include at least 1 5% of Cr in order to raise high teirperature oxidation resistance and sulf idation corrosion resist- 
ance further. However, when Cr exceeds 35%. sigma phases precipitate, reduction of area in high temperature tensile 
test decreases. In particular, 1 8-30% is pr6ferat>le in any cases, and a more preferable range of Cr is 20-26%. 

W. which is effective in Co base alloy and Ni base alloy, effects solid solution into alloy and raises remarkably proof 

ss strength at high temperature, further creep rupture strengtti also is raised remarkably. However, when Cr exceeds 20% 
in Co base alloy and 1 0% in Ni base alloy, t>y contrary, the proof strength is remarkably lowered, further, cold workability 
and reduction of area in tensile property at high temperature are lowered, the latter is because of predpttation of sigma 
phase. A preferable range of W is 5-16% in Co base alloy and 4-1 0% in Ni base alloy. Ni base alloy can contain W and 
Mo of equal amount, and it is preferable to contain the above-mentioned contents in total. 
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Co efffects solid solution into Fe base alio/ and Ni base alloy, and raises remarkably creep rupture strength at room 
terrperature and a high tenrperature. However, when Co exceeds 30%, ductility at high temperatur is lowered rapidly, 
whereby the reduction of area in tensile property at high temperature decreases. A preferable upper limit is 25%. 

Al effects solid solution into alloy by addition of 0.1-5% to Fe base or Ni base alloy, and precipitates gamma prime 
5 phase during aging heat treatment at high temperature, thereby to raise t nsile proof strength at Ngh temperature and 
creep rupture strength. A preferable range is 1 .0-2,5% in Ni base alloy. 

Addition of Ti. Zr. Hf or Nb of at most 3% to Fe or Co base alloy and 0. 1 -1 0% to Ni base alloy effects solid solution 
thereof into alloy, or precipitates gamma prime phase during aging heat treatment at high temperature to inaease ten- 
sile proof strength at high temperature and creep rupture strength. However, when an addition amount exceeds 3% to 
10 Fe or Co base alloy, 10% to Ni base alloy, reduction of area In tensile property at high terrperature decreases. A pref- 
erable range is O.M.5% and more preferably 0.10-0.35% in Fe or Co base alloy, and 1 .5-3.5% in Ni base alloy. 

Fe is included upon addition of alloy elements in Ni base or Co base alloy, howe^^er, since it lowers creep rupture 
strength, it is better to reduce its content to the utnnost. Even if it is contained, it is preferable to be 2% or less. At most 
1% is preferable and at most 0.2% is mors preferable. 
IS Si and Mn are added as deoxidizer. At most 2%, preferably at most 1 .0% Si and at most 3% preferably at most 2% 
Mn are added. However, addition exceeding above-mentior>ed anrxsunts lowers creep rupture strength, so that at nmst 
2% Si and at most 3% Mn are added. In particular, addition of 0.2-0.6% Si and 0.4-1.0% Mn is preferable in any alloys 
of them. 

B is segregated in austenrtic grain boundaries by addition of very small amount to increase creep rupture strength 

20 and ductility at high temperature. The effect is attained by addition of 0.001% or more, and when it exceeds 0.1%, hot 
workability and high temperature ductility are lowered. Therefore, 0.001-0.1% is preferabia 

Mg and rare earth element segregate in austenitic grain boundary to raise creep rupture strength. Further. Zr is a 
strong carbide former element, and addition of a small amount forms other caibide, for example, T1 carbide, etc. and 
increases creep rupture strength by multiplier action. However, addition of excessive amount of those elements 

25 decreases binding force of grain boundary and forms bulky carbide, whereby high temperature ductility decreases. 
Therefore, at most 0,1% Mg and at most 0.5% rare earth element, in particular, 0.005-0.05% Mg and 0.005-0.1% rare 
earth element are preferable. The thickness of the combustor liner wall is preferable to be 1 .0-5.0mm, more preferable 
to be 1.5-3.0 rTYn. The height of ring-shaped projections provided on the outer periphery of the combustor liner to 
strengthen is preferable to be 1 .0-3.0mm. Total dimension of the thickness of the combustor liner and the height of the 

30 projections is preferable to be 4.0-6.0mm. The thickness of the transition piece is preferat)le to be 2.0-7.0mm and more 
preferable to be 3-5mm. Further, the combustor liner is preferable to take such a construction that cooling of the liner 
by cooling air is candied out mainly only on the outer peripheral surface to increase the thermal efficiency. 

In the present inventon. it is preferable to provide, on base material of casting alloy having at least one kirKi of the 
above-mentioned Ni, Co and Fe as a main component an alloy layer comprising at least one of Fe, Ni and Co as a main 

35 component, and Cr and Al and being more excellent in high temperature oxidization resistance and hot corrosion resist- 
ance than the above-mentioned base material, and a coating layer of ceramics having Zf02 on the above-merrtioned 
alloy layer, and form an oxide layer having Al as a main component on the boundary between the above-mentioned alley 
layer and the above-mentioned ceramic coating layer. It is preferable that material constituting the above-mentioned 
ceramic coating layer ir^ludes Zr02 as a main component, and at least one element 5-10 wt% in total of CaO, MgO and 

40 Y2O3, and alloy forming the above-mentioned alloy layer includes at least one of Fe. Co and Ni as a main component. 
10-30 wt% Cr and 5-30wt% Al, or firther in addition thereto includes 0.1-5wt% of at least one element of Hf, Ta. Y, Si 
and Zr. The ceramic coating layer is preferable to be 0. 1 -0.8mm and the alloy layer 0.01 -0.2mm. 

Brief Desaiption of the Drawirtgs 

4S 

Rg.1 is a sectional view of a casting apparatus showing a centrifugal casting method; 

Rg.2 is a perspective view of a gas turbine corrixistor inner cylinder; 

Fig.3 is a diagram showing relation between stress arxi parameter P; 

Fig. 4 is a microscopic picture showing metal structure; 
so Rg. 5 is a microscopic picture showing metal structure; 

Rg. 6 is a microscopic picture showing metal structure; 

Rg. 7 is a microscopic picture showing metal structure; 

Rg. 8 is a microscopic picture showing metal structure; 

Rg. 9 is a microscopic picture showing metal structure; 
55 Rg. 10 is a diagram showing relation between tensile strength and temperature; 

Rg. 1 1 is a diagram showing relation between proof strength and temperature; 

Rg. 12 is a diagram showing relation between elongation percentage and temperature; 

Rg. 1 3 is a diagram showing relation between stress amplitude and repetition nunrt^er at which rupture takes place; 
Fig. 14 is a sectional view of a gas turbine combustor; 
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Rg. 1 5 is a sectional view of a gas turbine connbustor; 

Rg. 16 is a sectional view of a turbine section of a gas turbine; and 

Rg, 1 7 is a schennatic diagram of a combine cycle power plant according to the present invention. 
5 Desaiption of Embodiments of the Invention 
EMBODIMENT 1 

Table 1 shows chemical compositions (wt%) of material used. Material 1 is comparative material which is served 
10 for combustors by benc6ng after rofling and then weking to form a cylindrical menrt>er. Qrain size is made very fine 
because of rolled material, it is about 80|im. Materal Nos. 2-5 each are iraterial made by a method accorcfing to the 
present invention. 



Table 1 
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No 


Average 
grain size 


C 


Cr 


Ni 


Co 


1 


0.08 mm 


0.06 


22.28 


22.30 


bal. 


2 


0.50 mm 


0.07 


22.35 


22.13 


bal. 


3 


1.00 mm 


0:25 


29.65 


10.83 


bal. 


4 


3.00 mm 


0.35 


29.38 


10.36 


bal. 


5 


1.50 mm 


0.10 


22.90 


bal. 


21.21 


6 


4.5 mm 


0.39 


25.98 


34.58 






Fe 


W 


Ti 


Nb 


Zr 


Al 




14.20 












14.31 












7.10 












7.32 


0.25 


0.27 


0.15 






7.00 


2.70 






1.60 


bal. 




0.18 


0.23 


Si 1.10 


Mn1.03 



40 

Acasting nx>ld 1 as shewn in Rg. 1 is rotated at about 800rpm, molten metal 2 prepared in a ladle 3 in a other way 
is poured into the casting mold 1« and sofidified to form a cylindrical nnerTt)er. Although various sized cylindrical mem- 
bers having various diameter, thidoness and length according to rpm. capacity and casting mold size can be obtained, 
here, a cylinder of outer diameter 230nvn x inner diameter 220mm x length 500mm was made. The structure of material 
45 of the cylinder was dendritic structure, presented equiaxial grain or columnar grain, having eutectic carbide& The grain 
size was large, and it was 0.5-3.0mm. After the centrifugal casting, it was machined, whereby comtxjstor liner as shown 
in Rg. 2 was obtained. 

Rg. 2 is perspective view of a combustor liner of a gas tubine combustor made. The basic shape of the combustor 
liner is cylindrical, the inside thereof forms a comtxistion chamber isolated from compression air flowing at the outside 

so thereof. A nozzle cap 22 for mounting a fuel nozzle (not shown) is fixedly inserted in one opening end of a tiner sleeve 
constituting the above-mentioned combustor liner. A fuel nozzle collar 23 is provided at the center of the nozzle cap 22, 
and a plurality of combustion air holes 23a are formed in an outer peripheral portion of the nozzle collar 23. A spring 
seal 24 for connecting a transition piece (not shown) leading combustion gas into turbine nozzles 32 is fixedly inserted 
on the ottier opening end of the liner sleeva Further, mixing air holes 5, dilution air holes 6, crossfire tube collar 7, ring- 

55 shaped projections (not shown) for cooling, etc. are provided in tiie peripheral surface of the liner sleeve. In the figure, 
the projections are shown only at both end portions of the cylindrical member and not shown at the middle portion ther- 
ebetween. The comtxistor liner is secured to a combustor outer cylinder (not shown) through a liner stop mounted on 
the nozzle cap 22. 

In the present embodiment, any casting alloys are as they are cast The castings each are straight pipe at inner and 
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outer sides when casted. and a Ic3t of ring-shaped projections 8 are formed on an outer surface of each casting by 
machining. The projections 8 raise cooling efficierK:y by cooling air flowing on the outer surfaca The thickness of the 
inn r cylinder is about 3mm, total thickness including the projections is about 5mm. In this embodiment a combustor is 
made so that combustion gas temperature is 1400*0 or more at the combustor outlet, and it is cooled by compressed 

5 air which is compressed by the compressor to be a compression ratio of 15-20 arxl temperature at least 400''C so that 
the metal temperature of the combustor liner will be 800-900*'C. In tfris embodimentp as described later, the con^stor 
is made of a casting having high strength. Therefore, the metal temperature can be made high, as a resuH, cooling air 
flow can be limited to the outer peripheral portion. arKl the thermal efficiency can be raised. 

Rg. 3 is diagram showing creep rupture strength at 800-982°C for 100-5000h of the casting alloys obtained. 

10 Comparing Nos.1 and 2, although chemical components are the same, the casting alloy has larger aeep rupture 
strength. Further, since there is no probability of forging crack in the casting alloy, Na3 alloy including C niTuch, No.5 
alloy including Ti, AJ and Na4 including T1. Nb, Zr each represent excellent hi^ temperature strength. 

The casting alloys according to the present invention have a Ngh creep npture strength of 800'>C, 100,000 hours 
(P = 26.8 X 10^). that is, it is Skg/mm^ or more. 

IS Figs. 4-9 are microscopic pictures showing metal structures of nnateriat Nos. 1 -6, respectively, each amplified 100 
times. Material No.1 shown in Fig.4 is forged material, materials Nk>.2, Na3, ^kx4. No. 5 and No.6 are shown in Rg& 5, 
6, 7, 8 and 9, respectively. The materials Nos. 2-6 each are structure as it is cast As shown in Rgures. the alloy mate- 
rials accofding to the present invention each have structure in which eutictic caibides or intenmetallic conrpounds 
appear. 

20 Rg.10 is a diagram showing relations between tensile strength and temperature. As shown in Rgure, in high tem- 
perature region of 800**C or more, the forged material of No.1 deaeases rapi(fiy in tensile strength, on the other hand, 
the materials accorcfing to the present invention each are small in decrease and have a high valua Any materials have 
25kgAnm2 or more at temperature of 800**C and ISkg/mm^ or nwe at temperature of 900'C. 

Rg. 1 1 shows relations between proof strength and temperature, in which material of Na 5 has high values such 

25 as about 60kg/him^ at temperature of SOO'^C and about 50kg/mm^ at temperature of 900*^0, the other materials except 
for the material of Na 6 have 25kg^mnn^ or more at temperature of dOO^C and about 20to|Anm^ at temperature of SOO'^C, 
and the material of No. 6 has abo\A 15 kg/mm^ at temperature of 800*^0 and about lOkg/mm? at temperature of 900''C. 
They have sufficlet strength. 

Rg. 12 is a diagram showing relations between elongation percentage and temperature. The forged material of 
30 No.1 has a high elongation percentage, on the other hand, the cast alloy materials according to the present invention 
are lower than the forged material. However, they have elongation percentage of 5% or nrx)re which is sufficient in prac- 
tice. 

Rg. 1 3 is a diagram showing rotary bending fatigue test results at 800''C. The forged material Na 1 has a high value 
in high cycle fatigue strength, however casting material has large grain size, which results in that the high cycle fatigue 
35 Strength is low. In practical combustor liner, it is about 3 kgAnm^ .however, the materials according to the present inven- 
tion have about 15 kg/mm^ or more, so that it is sufficient value. 

EMBODIMENT 2 

40 In the same manner as in the embodiment 1 , alloys (wt%) shown in table 2 each are formed into a cylindrical body 
of same size by centrifugal casting, and projections are formed on the outer surface by machining. Further, in this 
embodiment, solution treatment which heats at 1 150*'C for 30 minutes and then cools by air is effected after casting. 
Grain size is 0.5-3mm, any casting alk>ys have excellent creep n43ture strength. Creep rupture strength of 850''C and 
10^ h as mechanical property is 3kg/mm^ or more, particulariy. the alloy inducting a lot of W of 10% or wore was con- 

45 firmed to present excellent Strength of 5 kg/mm^ or rnora 
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Table 2 



5 



10 



15 



20 



25 



Ho. 


C 


Si 


Mn 


Cr 


W 


Co 


Al 


7 


0.08 


0.29 


0.66 


21.3 


0.7 


1.2 


- 


8 


0.07 


0.10 


0.01 


21.9 


15.1 


0.1 


0.1 


9 


0.07 


0.26 


0.20 


21.9 


15.2 


14.6 


0.5 


10 


0.07 


0.25 


0.22 


22.1 


15.0 


29.6 


0.5 


11 


0.06 


0.37 


0.68 


21.9 


15.2 


39.9 


0.1 


12 


0.06 


0.25 


0.72 


28.3 


10.8 


0.1 


0.4 


13 


0.06 


0.28 


0.65 


155 


23.7 


0.1 


0.5 


14 


0.07 


0.32 


0.68 


22.0 


15.5 


29.8 


0.8 




Ti 


Mb 


Mg 


B 


Other 


Ni 








0.001 


Mo 8.9, Pel 8.5 


48.37 


1.9 




0.02 


0.003 


ZrO.OI 


60.69 


0.5 


0.5 


0.02 


0.006 




46.25 


0.5 


0.5 


0.02 


0.004 




31.24 


0.1 




0.02 


0.002 


misch metal (0.25) 


20.88 


0.9 




0.02 


0.003 




58.45 


1.0 




0.02 


0.004 




58.48 


1.5 






0.003 


U0.07 


29.39 


( )expresses a mixed amount 
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EMBODIMENTS 

Fig. 14 is a sectional view of a gas turbine combustor. using No.2 and IMo.5 alloys of the embocfiment 1. 

A combustor outer cylinder 1 3 is connected to one side of a casing 1 2 having an mt inlet 20 for introducing thereinto 

40 air compressed at a compression ratio 15-20 by an air compressor (not shown) and raised to a temperature of 350- 
450''C. as shown in Rgure. and a turbine 1 4 is connected to the other side of the casing 1 2. In the Inner side of the conv 
bustion outer cylinder 13 and the casing 12, a combustor liner 15 cmd a transition piece 16 connecting the combustion 
liner 15 and the turbine 14 are arranged. Here, the combustor liner 15 is provided with a fuel nozzle 17 and combustion 
primary air hol^ 18, combustion secondary air holes 1 9, dilution air holes 10 arxJ cooGng.air holes 1 1 of louvers or slits, 

45 in a wall surface thereof in the axial direction. By this construction, compressor discharge air 100 from the air introduc- 
tion inlet 20 cools, first, the outer perphery of the transition piece 16 by convection heat transfer, and then passes 
through an annular space defined by the combustor outer cylinder 13 and the combustor liner 15. flows toward an 
upstream side of the combustor at which tiie fuel nozzle is positioned. A part of the air 1 00 flows In the combustor liner 
15 as the primary comtxjstion air and the secondary combustion air and the other part flows in as cooling air. That is. 

so the cooling air 101. 1o2 arxi 103flowving out in parallel with and along the wall surface of tiie corTi)ustor liner 15 from 
the cooling holes 1 1 mixes witii corrtsustion gas flowing inside the combustor liner 1 5 to form a mixture layer, but it does 
not effect cooling of the wall surface of the combustor liner 1 5. On the other h£irxl, in the portion contacting with the wall 
surface of the combustor liner 15, temperature boundary layer by convection heat transfer develops as it go^ down- 
stream of the cooling air holes 1 1. As a result, the cooling effect terxis to lower as the cooling position goes more down- 

55 stream than the cooling air holes 1 1 . Decrease in the cooling effect causes elevation of wall surface temperature of the 
combustor liner 15. so that the cooling air holes 11 are provided Intermittentiy in small pitches as shown in Rgure in 
order to suppress the temperature elevation within an allowable tenperature. The cooling air 101. 102. 103 is sup- 
pressed to an amount of 20% or less of the connpressor discharge air 1 00 because of demand to make gas turbine inlet 
tenperatur uniform, the wall surface temperature of tiie combustor liner 15 when a combustion gas temperature is 
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1 400''C or more reaches to about SOO^'C in a flame generation zone in which a radiation heat transfer amount is largest. 
Further, an ingot Is cast with No.13 alloy ri the table 2. arri made into a rolled plate by hot rolling. The rolled plated 

is subjected to solution treatment, a plate of thickness of 2mm is obtained. Using this plate, a transition piece 16 and a 

nozzle cap 21 each are formed in a predetermined shape t>y cold bending. Each of them is joined by welding. The weld- 
5 ing is effected using welding wire of No.13 alloy which is the same composition as the base material. The welding is 

abutment tungsten inert gas welding (TIG). After welding, they each are heated at a temperature of 1 1SO^'C and held 

for 30 minutes and then cooled with air, stress relief is effected. 

By applying the gas turbine combustor manufactured as mentioned above to a practical machine of light oil conv 

bustion. it is apparent that the machine life is longer than a machine using conventional alloy and it is possible to raise 
10 gas temperature, since the combustor uses alloy excellent in thermal fatigue resistance 

EMBODIMENT 4 

Rg. 15 shows a part of another gas turtxne including a low NOx type combustor according to the present inverrtion. 

IS A typical conrtxistor has a plurality of combustors which are arranged along the periphery of the gas turbine at an inter- 
val therebetween and each of which has a circular cross-section. The gas turbine has a compressor for supplying high 
pressure air for combustion and cooOng. During operation of the gas turbine, the combustors bums fuel with high pres- 
sure air from the compressor to irrpart energy to the air. A part of the energy off high temperature gas produced in the 
combustor in this way reaches first stage nozzle and turbine moving blades through a transition piece 16. The turtxne 

20 moving trfades drive the compressor arxl a proper load. The low NOx type combustor is enclosed by a combustor liner 
15 fixed to a turbine casing 17. Fuel is supplied to a comtxjstor through fuel pping 18. The fuel is introduced into the 
interior of the combustor by proper fuel introduction means 20. The fuel introduction means 20 is a fuel nozzle for gas 
or liquid fuel. A plurality of the fuel nozzles 20 are used. 

This example includes a sub comtxistion chamber 25 and a main combustion chamber 26. an upstream end of the 

25 main chamber 26 is connected to a downstream end of the sub chamber 25 by a throat region of a relatively small cross 
section. 

The combustion chambers 25 and 26 are preferable to be circular in cross section. In this embodiment, the com- 
bustion liner 15 defining the combustion chambers 25, 26 and the transition piece 16 connected to the combustion liner 
by a spring ring 24 use Fe base heat resisting alloy of Na6 of the ennbodiment 1 . The combustor liner 15 is produced 
30 by centrifugal casting and the transition piece 1 6 is cast by a vacuum suction method in which a lost wax type mould is 
used and molten metal is sucked up from a lower portion of the mould. The cast member of the coriibustor liner 15 is 
uniform in thickness. 

Air of 350-450''C compressed by the oorrpressor in the same manner as in the embodiments 1 -3 is used for cooling 
the comtxJStor liner 15, and the corrtxjstor liner 15 is cooled through ring-shaped projections 8 provided on the outer 
35 surface by machining. 

For cooling the combustor liner it is preferable to use air film cooling utilizing louvers or slot& 
In this embedment, the castings each as it is cast are used, it is possible to effect solution treatment at 1100- 
1 1 75''C. After tiie solution treatment, it is possible to effect aging treatment at a temperature of 950-1 000<'C. 

In the present errixxJiment the inner peripheral surface of the coirtxistor liner 15 is flat Upon centrifugal casting, 
40 a lot of non-metallic foreign matters are formed or gathered in the inner peripheral surface, so that the inner peripheral 
surface is machined. The characteristics in this emtxxtiment are the same as in the embodiment 1 . In this embodiment, 
also, the combustor is cooled so that metal tenperature of the combustor l^er becomes 800**C or more when the com- 
bustion gas temperature is 1400*^0 or more, ard it has such a cooling construction as to effect such cooling. 

45 EMBODIMENTS 

Rg. 16 is a sectional view of a rotating portion of the gas turbine which is provided in the emt)odiments 1-4 arxJ in 
which combustiori gas inlet temperature to a first stage is 1400''C or more. In Fig. 16. mjrTi)er 31 denotes tiie comkxjs- 
tor. 32 gas turi3ine nozzles, 33 gas turbine moving blades, 34 turi3ine stacking bolts. 35 distance piece. 36 inducer, 37 
50 turbine spacers and 38 turbine disc& The turbine rK>zzles 32 and the turbine blades 33 are for three stages. 

In tills embodiment all the inner peripheral surfaces of the combustion liner and the transition piece are coated with 
ceramics t>y thermal spraying for thermal insulatioa 

In any of them, the inner peripheral surfeice is washed for degreasing. subjected to t)lasting using steel grids, arxi 
then effect plasma spraying to form alloy coating layer corrprising, by weight 10% Ni, 25% Cr, 7% Al, 0.6% Y. 5% Ta 
55 and k>alance Co. The plasma spraying is effected in Ar of pressure 200 Torr. In this case, oxygen partial pressure in tiie 
atmosphere in which the plasma spraying is done is measured t>y an oxygen sensor, the partial pressure was 1 0 atg or 
less. The output of the plasma is 40 kW. Immediately after the Co-Ni-Cr-AI-Y alloy coating layer of thickens 0.01 mm is 
formed under such a corvlition, a coating layer of Zr02 - 8% Y2O3 is formed on the above-mentioned joining (alloy) 
layer. This plasma spraying condition is plasma output 50 kW, and spraying in air. The thickness of the coating layer of 
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X 



Zr02 - 8% Y203 is 0.3 mm. After that heat treatment of 1 060*'C. 10 hours is carried out to effect diffusion treatment of 
the alloy coating layer and the base material. 

From the members formed in this way, test pieces for heat cyde test are taken. The repeated heat cyde tests that 
they are held at ISO'^C fdr15 minutes, held in water of ZO-ZS^'C for 15 seconds is conducted. In the present embodi- 

5 ment separation of the thermal barrier coating layer in any test pieces did not occur even by repetition nurTt>efs of 1 700. 
By providing such a thermal t)8UTier coating, metal temperature of the combusti n liner and the transition piece can be 
reduced by 50-100**C» whereby it is possible to make tiie combustion gas temperature higher and an amount of cooling 
air smaller, so that thermal efficiency can be raised to higher effidency. 

The gas turbine relating to the present embocfiment has the following construction: 

10 At least one kind of a distant piece, a turbine spacer, turbine stacking kx)lts, compressor stacking tx>lt8 and at least 
final stage compressor disc in addition to a compressor rotor can be made of heat resisting alloy comprising by weight 
0.05-0.2% C, at most 0.5% Si, at mosX 1% Mn. 8-13% Cr. at most 3% Ni, 1.5-3% Mo. 0.05^.3% V, 0.02-0.2% Mb, 0.02- 
0.0.1% N arxl balance Fe and having all terrpered martensite structure. By making aS of the parts with the heat resist- 
ance alloy, combustion gas temperatire can be made higher, and thermal effidency can be improved. In particular, 

IS when at least one kind of the parts is made of heat resistance alloy comprising by wei^ 0.05-0.2% C. at most 0.5% 
Si. at most 0.6% Mn, 8-13% Cr. 2-3% Ni, 1.5-3% Mo. 0.05-0.3% V. 0.02-0.2% Nb, 0.02-0.1% N and balance Fe, being 
a ratio Mn/Ni of at most 0.1 1 . pcVticularty, 0.04-0.01 , or the alloy in which Si is at most 0.1% and Mn is at most 0.1% and 
having fully tempered martensite structure, high embrittiement resistEuice property can be obtained and high safety gas 
turbine can be obtained. 

20 Further, as material used in ttx>se parts, martensitic steel having 450*^0 10^ h creep rupture strength of 40kg^nnm? 
or more and 20*^0 V-rKitch Charpy impact value of 5kg-m/cm^ or more is used, particularly preferable is material in 
which 450''C 1 0^ h creep n^iture strength is SOkg/irvn^ or rTK>re and 20''C V-notch Charpy impact value after heating at 
500**C for 10^ h is 5kg-m/cm? or more. 

Those materials each can indude further at least one kind selected from a grotp consisting of at most 1% W, at 

25 most 0.5% Co, at most 0.5% Cu, at most 0.01% B, at nfx>st 0.5% Ti. at most 0.3% Al, at most 0. 1% Zr. at most 0.1% Hf, 
at most 0.01% Ca, at most 0.01% Mg, at most 0.01% Y, and at most 0.01% rare earth element. 

Rrst stage turi^ine nozzle portions of turbine nozzles fixed to a diaphragm each are made of casting alloy compris- 
ing by weight at most 0.05% C, at most 1% St. at rTX)st 2% Mn, 16-22% Cr, 8-15% Ni and balance Fe. and the other 
turbine nozzle portiorts are made of high C-high tsfi steel casting aDoy. 

30 For the turbine blades, casting aDoy is used which comprises by weight 0.07-0.25% C, at most 1% St. at most 1% 
Mn, 12-20% Cr, 5-15% Ca 10-5.0% Mo. 1.0-5.0% W, 0.005-0.03% B, 2.0-7.0% Ti, 3.0-7.0% Al. at least one kind of 
selected from a group consisting of at most 1 .5% Nb, 0.01 -0.5% Zr, 0.01-0.5% Hf and 0.01-0.5%, and balance Ni, arxl 
having y phase and y phase precipitated in austenitic phase matrix. In particular, under a higher temperature condition 
in which a combustion gas inlet temperature is ISOO^'C or higher, for first stage t>lades, alley further induding at most 

35 5% Re. being monocrystal at a blade portion and columnar crystal at a dovetail, or monocrystal as whole, a dispersed 
alloy in which at most 1 wt% Y2Q3 of particle size 0. 1 M/n or less is dispersed unifbrinfy, unidirectional solkiif ication alloy, 
etc. is used. For the alloy which is monocrystal at tiie blade portion, it is preferable not to include Si and Mn and to 
include at most 0.05% of each of C and B, at rhost 0.5% Ti and 2-10% Ta. The above-mentioned aOdy is used for second 
stage and lower stages. 

40 The last mentioned tvfi base superalkiy is used tor 1 400''C class gas turbnie nozzles at least at first stage, however, 
it can be used for gas turt)ine nozzles at all the stages. Nozzles other than the first stage nozzles each are made of cast- 
ing alloy comprising by weight 0.20-0.60% C, at mo^ 2% Si, at most 2% Mn. 25-35% Cr, 5-15% Ni. 3-10% W, 0.003- 
0.03% B and balance Co, or further including at I east one kind of 0. 1 -0.3% Ti, 0. 1 -0.5% Nb and 0. 1 -0.3% Zr, and indud- 
ing eutectic carbides and secondary carbides in austenitic phase matrix. Any of those alloys are subjected to aging 

45 treatment after solution treatment to form the above-mentioned precipitation sut>stances and be strengthened. 

As mentsers for the atxyve-mentioned first stage, preferable is Ni base alley having a specific composition, in which 
rupture time in creep rupture strength test at OOO^'C and 1 4 kg/mm^ is 300h or more, thermal fatigue resistance between 
900>C and 350*'C is 600 times or more of frequency number at which no crack occurs, and welding is possible at a pre- 
heating temperature of 400*'C or less; the member has a t>lade portion and side walls formed at both ends of the blade 

50 portion, is an^anged in a ring configuration on an outer periphery of said rotating blade, and the material is preferable to 
be Ni base alloy comprising by weight 0.05-0.20% C, 15-25% Co, 15-25% Cr, 1.0-3.0% Al, 1,0-3.0% Ti. 1.0-3.0% Nb, 
5-10% W and at least 55% Ni. the contents of {fiMl) and W being wittiin a line connecting A (5% of AI-i-Tl, 7.5% W). B 
(3% of Al+Tl. 10% W). C(5% of AI+71, 7.5% W), D(5% of Al+71, 5% W), E(5% of AI-nTi, 5% W) and F{2.5% of Al+Ti, 
7.5% W) in turn. 

55 Further, the turiDine nozzle is preferat)le to be Ni base alloy in which rupture time at 9O0'*C and 14 kg/mm^ is 300h 
or more and preheating temperature is 400<'C or less at which no crack occurs within a beat formed by TIG welding one 
pass of length 80mm width 8mm. 

A gas turinne according to the present invention is preferable to be a casting of Ni base alloy in which 70mm or 
more is between the side walls at the ticdh ends of the above-mentioned nozzle and the lengtti from the comtxjstk>n gas 
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inlet side to the outlet side.is. 100 mm or mor . Further, for 1 500'C dass gas turt)ine nozzles, the above-mentioned Co 
base aloy is preferable for the first stage, th atxiveHmentioned Ni base alloy further including therein at most 2% Ta 
and at most 0.15% B is preferable for the second stag and the other stages. 

Further, the turbine blades can be subjected to diffusion coating of Al. Cr. or Ak-Cr in order to prevent corrosion by 

5 high temperature combustion gas. The coating layer tWckness is 30-150>im, and it is preferable to provide it at the blade 
portions contacting with the gas. It also is preferable to form stable ZrOa layer as thermal bamer layer by gas phase or 
plasma spraying after gas phase or plasma spraying of Ni or Fe alloy containing 10-30% Cr, 5-10% Al and at most 1% 
Y, in stead of the diffusion coating. 

A plurafity of the combustors are arranged on the ctrcumferoice of the gas turbina Each of the combustors is con- 
to structed in a double structure of the outer cylinder and inner cylinder combustor liner. The combustor liner and the tran- 
sition piece are as previously described on the abcve. 

The compressor rotor is a split type of 7 spfit structure in which 1st and 2nd stage blades are planted in a portion 
a, 3rd and 4th stage blades in a portion b^ 5th and eth stage blades in a portion c, 7th and 8th stage blades in a portion 
d, 9th. 10th and 11th stage blades in a portion e, 12th to 14th stage blades in a portion f and 15th to 17th stage blades 

IS in a portion g, and they are connected to one unit by boKs 19. Each rotor is connected by bote between plantv^ por- 
tions of the 2nd stage blades and the final stage blades, and connected to the distant piece 35. Any bolts are made of 
heat resisting alloy and ten bolts or more in total are used at the whole periphery. The rotors a to e are used at a tem- 
perature of 350°C or less, so that high temperature strength (creep rupture strength) is not required, but it is required 
to be fvgh in low temperature toughness. In particular, the rotor a is provided with a bearing portion arxi long blades are 

20 planted therein, so that the rotor receives largest centrifugal stress and is used at a lowest temperature (35*'C). There- 
fore, highest low-temperature toughness is required for the rotor a. On the other hand, since the rotors f and g are 
exposed to the highest temperature 4O0''C), Ngh creep rupture strength and excellent oxidation resistance are 
required. Therefore, the abcve-mentiorted low aDoy steel is used. 

The abcve construction makes it possUe that the compression ratio is 15-1 8. temperature is 400-500'*C, compres- 

2S sioh efficiency is 86% or more, gas temperature at the first stage turbine nozzle inlet is 1400*^0 or more and exhaust 
gas temperature is 530''C or mora Thermal efficiency of 35% or more can be attained. The above-mentioned heat 
resisting eUloy of high creep rupture strength and small heat errt^rittlement is used for the turbine discs, the distant 
piece, the spacer, the compressor rotor sfiaft and the staddng bo\ts. The turtnne blades each are made of a casting 
which has high-temperature strength and high-temperature ductility, and the combustor liner is made of a casting of a 

30 high-tenrperature strength and a high fatigue strength. Therefore, a gas turbine which is high in reliability and well-bal- 
anced in total can be attained. As fuel to be used, natural gas or light oil is used. 

Further, by using Ni base mono-crystal alloy for the first stage turbine blades, such a power plant gas turtsine can 
be achieved that gas inlet tenperature to the f irst stage turtnne nozzles is 1500<*C, fird stage blade metal temperature 
is lOOO^'C, gas turbine exhaust gas temperature is 650''C and power generation efficiency expressed by LHV is 34% or 

35 more. 

EMBODIMENTS 

Rg. 1 7 is a schematic dagram showing a uni-axial combined cycle power generation system using the gas turbine 
40 of the embodiment 5 and a high and low pressure section intonated steam tortxna A plurality of pairs of the gas turtxne 
and the steam turisine can k>e used for power generation. 3 or 6 of the gas turbines and 3 or 6 of the steam turbines can 
be combined. 

In case of power generation utilizing the gas turioina recent year a so-called combined cycle power generation sys- 
tem tends to be used in which the gas turbine is driven by using liquified natural gas (LNG), a steam turbine is driven 
45 by steam obtained by recovering exhaust gas energy of the gas turt^ine and a generator is driven by txith the gas turt»ne 
and the steam turbine. When the combined cycle pcwer generation system is used, the thermal efficiency can be 
largely improved to 46% or more, compared with the thermal efficiency of 40% in power generation by a conventional 
steam turtxne single. 

First air passes through a suction air filter and a suction air silencer and enters an air compressor wfiich com- 
50 presses the air to deliver compressed air of 350-450°C to a low NOx combustor. 

In the combustor, fuel is injected into the compressed air to be burnt to produce high temperature gas of 1 400''C or 
mae. The high temperature gas works in the gas turi3ine to generate power. 

Combustion exfiaust gas of SSO^'C or more, exhausted from the gas turtxne is delivered to a waste heat recovery 
boiler through an exhaust gas silencer to recover thermal energy to produce hig^ pressure steam of 530*^0 or wore and 
55 low pressure steam, t>oth of which are sent to a steaim turbine tfirough high pressure steam piping and low pressure 
steam piping, respectively. The boWer is provided with a denitration apparatus of dry anrvnonium contact reduction. The 
exhaust gas is exhausted from a chemuny stack which is tripod type and several m high. 

The high and low pressure section integrated steam turbine can improve single machine output per single turtsine 
by raising steam pressure at a main steam inlet portion to 100 atg or wotq and the temperature to 530**C or more. In 
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order to increase th single nriacNne output, it is necessary to increase the length of a final stage nxaving blad and 
increase a flow rate of steam. In the present embodiment, when the blade length of the final stage blade is mad 30 
inch or more, particularly. 33.5 inch, annulus area increases to 1 .7 times that of the 26 Inch blade length. Therefore, the 
output increases from 100 MW in the conventional machine to 1700MW and when it is made 40inch, the single output 

5 can be increases to 2 times or more. 

To provide high output in this way, rotor material is necessary which has such an excellent property as Is the same 
as Cr-Mo- V steel in a high temperature region and as Ni-Cr-Mo-V steel in a low temperature region. In case where long 
blade length of 30 to 40 inches class is used, since stress ratio becomes 1 .7 as mentioned atx3ve. material having ten- 
sile strength of SSkg/mm^ or more is necessary. Further, as a high and low pressure section integrated steam turtjine 

10 rotor material, material is necessary which 538'C 1 0® h creep nipture strength is 1 Skg/mm or more in view off secuity 
of safety against high temperature apture at a high temperature side and impact absorption energy at room tempera- 
ture is 2.5kg-m (3kg-nVcm^ or more in view of security off saffety against rtpture at a low temperature side. 

The steam turisine according to the present invention is provided with blades of 1 5 stages wNch are planted on high 
and low pressure section integrated rotor shaft High pressure high temperature steam off 538°C, 126 atg is flowed into 

IS a high pressure section from a steam inlet through steam control valve. The steam entered the high pressure section 
becomes 367*C 38atg and goes out. The steam is reheated to 538*C 35 atg by reheater off the waste heat recovery 
boiler and passes through a low pressi^e section of the rotor to becomes steam of 46*'C 0.1 atg which is exhausted 
from an outlet into a condenser. 

Since the high and low pressure section integrated rotor shaft according to the present embodiment is exposed to 

20 steam of 538*'C to 46**C, forged steel of Ni-Cr-Mo-V low alloy steel having properties off FATT 60*C or less. 538*»C 10^ 
strength 1 1kg/mm^ or more is used. Blade planting portions of the rotor shaft are made into disc-shape which is formed 
by machining. The shorter the blade length is. the longer the length of the disc portion becomes, whereby vibration is 
reduced. 

In forming of the rotor shaft according to the present embodiment an ingot is produced by electroslag re-melting, 
25 and subjected to hot forgnig to make it into a shaft off cfiameter 1 .2m. The shaft is heated at temperatire 950**C for 1 0 
hours, and then cooled by water spraying while being rotated so that a central portion thereof is cooled at lOO^'C/h. 
Then tempering of heating at temperature of 665''C for 40h is effected. 

(1) A high and low pressure section integrated rotor shaft 

30 In tills embodiment, as material for tiiis shaft, Ni-Cr-Mo-V tow alloy steel can be used which connprises by 

weight0.15-0.40%C,atmosl0.1%Sialmost0.5%Mn. 1.5-2.5% Ni. 0.8-2.5% Cr, 0.8-2.0% Mo, 0.1-0.35% V, hav- 
ing full bainitic structure. In particular, it is preferable that a ratio of Mn/ff^ is 0.12 or less, or a ratio of (Si-i-Mn)/Ni is 
0.1 8 or less, and it is preferable for a ratio off (V+Mo)/(NHCr) to be 0.45-0.70. Further, this low alley steel can further 
include at least one kind off at most 0.04% rare eartii element at most 0.04% Mg, 0.04% Ca. at most 0 2% Hf, 0.2% 

35 Zr and at most 1 % W. In particular, altoy steel is preferak)le which comprises by weight 0.20-0.28% C, at most 0. 1% 
Si, 0.05- 0.25% Mn, 1.6-2.0% Ni. 1.7-2.3% Cr, 1.0-1.5% Mo and 0.20-0.30% V. 

(2) Blade (compressor, steam tuit)ine): 

The length of 3 stages at the compressor outiet side and the length of 3 stages at a high temperatu-e high pres- 
sure side of the steam turt>ine each are about 40mm. They are made of martensitic forged steel connprising by 
40 weight 0.20-0.30% C, 10-13% Cr, 0.5-1 .5% Ma 0.5-1 .5% W, 0.1-0.3% V. at most 0.5% Si, at most 1% Mn and bal- 
ance Fa 

A middle pressure section off the steam turiaine becomes longer toward the low pressure side, and is made of 
martensitic forged ^eel comprising by weight 0.05-0.15% C. at most 1% Mn, at most 0.5% Si. 10-13% Cr, at nK>st 
0.5% Mo, at most 0.5% Nfi and balance Fe. 

45 As the first stage off the compressor or the final stage of the steam turt>ine. about 90 blades are provided, each 

of which is 33.5 inch long, and made of forged steel of martensitic steel comprising t>y weight 0.08-0.15% C, at 
most 1% Mn. at mostO.5% Si, 10-13% Cr. 1.5-3.5% Ni, 1-2% Mo, 0.2-0.5% V. 0.02-0.08% N and balance Fe. Fur- 
ther, in the final stage, the tip portion of a shield plate of stellite is rTK)unted on a leading edge portion by wekJing 
for prevention off erosion. Partial hardening is effected to the blade other than the shield plate. Further, for long 

50 blades longer than 40 inch of the first stage of the compressor or the final stage of the steam turisine. Ti blades are 
used which includes 5-8% Al and 3-6% V. 

In tiie steam turt>ine blades, 4-5 blades of each stage are fixed by a shroud of the same material as the blades 
through pinching projections and tenons provided at tiie tips off the blades. 

For blades used at 3000rpm, even where the length is 40 inch, tiie 12% Cr alloy steel is used, and for t)lades 

55 which are 40 inch long arxj used at 3600 rpm, Tl alloy is used, txit for the blades which length is until 33.5 inch, the 
12% Cr alloy steel is used. 

(3) For static blades of a compressor arxi nozzles of steam turi3ine: 

13% Cr ferritic stainless steel is used. For nozzles of steam tuft»ne, nnartensitic steel having the same compo- 
sition as tiie nozztess is used until the 3rd stage at a high pressure side. However, for the ottier nozzles, the same 
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material is used as the blades of the middle pressure section. 

(4) For steam tuitine casing, Cr-Mo-V casting steel is used, which comprises t>y weight 0.15-0.3% C. at most 0.5% 
Si. at most 1% Mn, 1-2% Cr, 0.5-1.5% Mo, 0.05-0.2% V and at most 0.1% Ti. It drives a generator, tor example, 
power of 100,000-200,000 kW can be generated by the generator. In the present embodiment distance be^fveen 
5 the bearings of the rotor shaft is 520cm, an outer diameter of Wades of the final stage is 315 cm, a ratio of the dis- 
tance to the diameter is 1 .65. Power generation capactt/ is possible to be 100,000 kW. The distance between the 
bearings of the rotor ^aft is 0.52 m per power generation output of 10.000 kW. 

Further, in the present embodment. in case where 40 inch blades are used as blades of the final stagey the outer 
10 diameter is 365 cm, a ratio of distance between bearings of the shaft to the outer diameter is 1 .43, whereby power gen- 
eration output of 200.000 kW is possible, and the cfistance per 10.000 KW is 0.26 m. 

In the present embodiment, a steam turisine, particutariy, a high and low pressure section integrated steam turbine, 
conprising a rotor having blades planted on a rotor shaft in multi-stage from a high pressure side to a kTw pressure side, 
the rotor shaft is made of heat resisting low alloy steel containing Ni-Cr-Mo-V and having bainitic structure, and the rotor 
IS shaft is made of one piece from a high pressure skie in whteh steam of 538 or 566''C is introduced into the first stage 
blades to a low pressure skie in which steam of 46*'C or less is exhausted at the final stage blades. 

Further, the rotor shaft is made of heat resisting low alloy steel containing Ni-Cr-Mo-V and having bainitic structure, 
and the rotor shaft is made of one piece from a high pressure skle in which steam of 530'*C or more is introduced into 
the first stage blades to a kyw pressure skje in which steam of 1 0O'^C or less is exhausted at the final stage blades, the 
20 final stage blades have blade length of 33.5 inch or 40 inch, and a shaft portion from the f nrst stage to 33.5 inch is made 
of martensitic steel including 10-13% Cr and the 40 inch blades are made of Tl base alloy inducfing by weight 4-8% AI 
and 2.5-5.5% V. 

As steam turbines conceming the present invention, there are a non-reheating type turbine of single fk>w type in 
which steam of 530''C flows one way from a high pressure skle to a low pressure side of steam temperature 100°C or 
25 less, and a reheating type steam turbine in which the steam is reheated to the same temperature as in the high pressure 
sMe and fbwed into a middle pressure side. It is preferable for blades to be 10 stages or more and it is preferable for 
the t»lade length to be 30 inch or more at the final staga 

In the present invention, the steam of 566''C can be used, tiie steam pressure of 121 . 1 69 and 224 atg also can be 
used. 

30 Although a uni-axis type combined cycle power generatnn plant of combination of 6 groups each of which cornr 
prises a gas turbine, a waste heat recovery txxler, a steam turbine and a generator was plained above, a multi-axis 
type combined cycle power generation plarrt also is applied in which a plurality of gas turt»nes are combined with waste 
heat recovery boilers to generate steam and one steam turt)ine is driven by the stean^ 

As for shearing ratk> of power generation output, in case of uni-axial combined cycle power generation plant, tiie 
35 gas turt}ine bears 2/3 of the total output and tiie steam turbine bears 1/3. Further, the output of the gas turbine can be 
made 50,000 to 200.000 kW, and the steam turtxne is made so that the output thereof is coped witti the gas turbine 
output, from the abCF/e output 

Themnal efficiency can be raised by 2-3% as compared with conventional thermal power plants. Even in case of 
partial load, by deaeasing gas turbines in operation, the equipment in operation can be operated around a rated k)ad. 
40 so that the plant was operated at a high eff k»ency of 46% or more as a whola Further, an amount of COg per unit power 
' generation mount can be reduced and green house effect is reduced. 

The combined cycle power plant is constructed of a gas turbine which is easy to start and stop in short time and a 
small sized simple steam turbine, ttierefbre, output can be easQy acQusted and the plant is suitable as a middle load 
power plant which can respond to change in demand. 
45 As mentioned atxsve. according to the present invention, a gas turbine comtxistor which has no wetiing portion in 
an axial portion and excellent thermal fatigue resistance and long life can be obtained. Furttier. endurance temperature 
of the comtxjstor liner and the transition piece can be raised, whereby thermal ^idency can be raised. 

The present inventkin can be used for gas turbine combustors for power generation, air crafts, vehides. drive and 
marine. 

so 

Claims 

1 . A gas turbine combustor which is cylindrk;al and burns injected fuel and leads combustbn g£i5 to gas turt>ine noz- 
zles (14. 32). characterized in tiiat a cylindrical part (15, 16, 21) of sakJ combustor (31) exposed to said combustion 

ss gas is made of austenitic Fe base casting alloy. Ni base casting alloy or Co base casting alloy. 

2. A gas turbine combustor according to claim 1 , wherein said Fe base casting alloy is austenitic steel comprising, by 
weight 0.04-1 .0% C. at most 2% Si. at most 3% Mn, 1 5-35% Cr and 1 0-30% Ni. 
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3. A gas turbine connbustor according to claim 1 , wherein said Nl base casting alloy conrprises, by weight. 0.04-0.5% 
C. at most 1% Si. at most 2% Ma 15-35% Cr, 15-40% C<x at most 10% of at least one kind of Mo and W, 0.1-10% 
Tiand0.1-5%AI. 

5 4. A gas turbine combustor as set forth in daim 1 , wherein said Co-base casting alloy comprises, by weight 0.04- 
1 .0% C. at most 1% Si. at most 2% Mn, 15-35% Cr. 0.5-20% W and at most 30% Ni. 

5. A gas turbine combustor according to any of claims 1-4. wherein an alloy layer and a ceramic layer are formed on 
an inner peripheral surface of a cylindrical portion (1 5. 1 6) of said combustor (31 ). exposed to combustion gas, said 

10 alloy layer being alloy comprising at least one kind of Fe. Co and Ni as a main component, by weight 10-30% Cr, 
5-30% Al. 0.1 -5% in total of one or two kinds of Hf. Ta. Y. Si and Zr. and said ceramic layer being made of zirconia 
including by weight 5-10% in total of one or two kinds of caldum oxide, magnesium oxide and yttrium oxida 

6. A gas turbine comprising a compressor, a conrtbustor (31 ) producing comtxjstbn gas using air compressed by the 
15 corrpressor and a gas turtxne (1 4, 32-38) driven to rotate by the combustion gas. characterized in thai a cylindrical 

portion (15. 16, 21) of said connbustor (31) exposed to the conrixjstion gas is made of austenitic Fe base casting 
alloy. Ni base casting alloy or Co base castng alksy. 

7. A gas turbine comprising a compressor, a combustor (31) producing combustion gas. using air compressed by the 
20 conrpressor and a gas turbine (14, 32-38) driven to rotate by the combustkxi gas. characterised in that the com- 
pressed air is 15-20 of compression ratio and at least 350*>C of terrperature thereof, a cylindrical portion (15, 16) 
of saki combustor. exposed to the combustion gas is provided with projections (8) for cooling at an outer peripheral 

. portion thereof, saki outer perpheral portion being cooled by the compressed air so that a metal temperature of the 
cylindrical portion is 800-900*'C. and the terrperature of the combustbn gas is at least ISOO^'C at an outlet of sakI 
25 contxjstor. 

8. A gas turbine corfprising a compressor, a combustor (31) producing combustion gas. using air compressed by the 
compressor and a gas turbine (14. 32-38) driven to rotate by the combustion gas. characterized in that the com- 
pressed air is 15-20 in compression ratio and at least 350**C in temperature, outer peripheral portbns of a combus- 

30 tor finer (1 5) and a transition piece (1 6) of said combustor (31) are cooled by the compressed air so that the nrietal 
terrperature of the combustor liner and the transitton piece, exposed to the combustion gas becomes dOO-SOO^'C. 
the outer peripheral portion of the combustor liner is provkied with ring-shaped projections (8). and the terrperature 
of the combustion gas at an outlet of the combustor is at least 1500*'C. 

35 9. A gas turbine according to daim 7, wheron an alloy layer and a ceramk: layer are formed on an inner peripheral 
suriiace of the cylindrk^al portion (15, 16) of sad combustor (31), exposed to contxjstion gas. sakI aWoy layer being 
alloy comprising at least one kind of Fe, Co arxi Ni as a main corrponent. by weight 10-30% Cr. 5-30% Al. 0.1-5% 
in total of one or two kinds of Hf. Ta, Y, Si and Zr, arKt said ceramic layer being made of zirconia inducfing t>y weight 
5-1 0% in total of one or two kinds of caldum oxide, magnesium oxide and yttrium oxkle. 

40 

10. A combined cyde power generation system which comprises a combustor (31) produdng combustion gas, using 
compressed air corrpressed by a compressor, a gas turioine (1 4, 32-38) driven to rotate by the combustion gas, and 
a steam turbine driven to rotate kiy steam generated in a waste heat recovery bdler recovering the heat of exhaust 
combustion gas from the gas turbine, and generates electric power by rotating a generator by the gas turbine and 

45 the steam turbine, characterized in that a cylindrical portion (15, 16) of said combustor (31) exposed to the conv 
tx^on gas is provided with projections (8) at an outer peripheral portion thereof, and saki outer perpheral portion 
is cooled so that a metal temperature thereof is 800-900''C, the compressed air compressed by the compressor is 
15-20 in compression ratio and at least 350°C, the combustion gas is at least 1500<*C at a combustor outlet and 
exhausted from the gas turbine as a comtxistion exhaust gas of the temperature of 550-600''C, and the steam tur- 

50 bine has a Ngh and low pressure section integrated rotor shaft the steam terrperature being at least 530^C and 
thermal efficiency being 46% or more and/or the output thereof being 600 kW(kg/S) or more. 

11. A combined cyde power generation system which corrprises a combustor (31) produdng combustion gas, using 
compressed air compressed by a compressor, a gas turtaine (1 4. 32-38) driven to rotate by the combustion gas. and 

55 a steam turtsine driven to rotate by steam generated in a waste heat recovery boiler recovering the heat of exhaust 
combustion gas from the gas turbine, and generates electric power by rotating a generator t>y the gas turbine and 
the steam turbine, characterized in that a cylindrical portion (15. 16) of said conrtxjstor (31) exposed to the com- 
bustion gas is provided with projections (8) at an outer peripheral portion thereof, and sakI outer peripheral portion 
is cooled so that a metal terrperature thereof is SOO-SOO^'C, said compressor has blades of 15-20 stages and com- 
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presses air to be 15-20 in compression ratio and at least 400''C in tenperatura the gas turtxne has at least 3 
stages, the combustion gas is at least 1 500*^0 at a combustor outlet 550-60(rC at an inlet of said waste heat recov- 
ery boiler and 130*C or less at an outlet of said waste heat reccvery boiler, and. said steam turt>ine has blades 
planted on a high and low pressure section integrated rotor shaft the final stage of the blades being at least 30 inch 
5 in blade portion length, the steam temperatur of said steam turbine being at least 530^0 at a high pressure side 
inlet thereof and 100"C or less at a lew pressure side outlet 

12. A gas turbine combustor material, characterized by Fe base casting alloy comprising by weight 0.04-1.0% C, at 
most 2% Si. at most 3% Mn. 1 5-35% Cr, 1 0-30% Ni, 0.1-1% in total of one or two kinds of MC type carbide forming 

10 elements and 30-50% Fe. 

13. A gas turbine combustor material, characterized by Ni base casting alloy comprising by weight 0.04-0.5% C. at 
most 1% Si. at most 2% Mn, 15-35% Cr, 15-40% Co, at most 10% of at least one kind of W and Mo, 0.1-10% 71, 
0.1-5% Al and 35-55% ISB. 

IS 

14. A gas turbine combustor material, characterized by Co base casting alloy comprising by weight 0.04-1 .0% 0. at 
most 1% Si, at most 2% Mn. 15-35% Cr, 0.5-20% W, at most 30% Ni and 35-60% Co. 
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FIG. 3 
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FIG. 6 




19 



EP07S3704A1 



FIG. 8 
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Casing arrangement for a centrifugal pump 



Casing arrangement for a centrifugal pump consisting of a casing shell made 
in stainless-steel deep-drawn sheet metal with cut-outs for intake and outlet 
openings connecting to a pressure port and connecting flanges made in deep 
drawn stainless-steel sheet metal and/or in casting material, with the casing 
characterized in that at least those components which can come in direct 
contact with the liquid are joined to the shell by laser welding. 



What is claimed is: 

1 . Casing arrangement for a centrifugal pump consisting of a casing shell 
made in stainless-steel deep-drawn sheet metal with cut-outs for intake 
and outlet openings connecting to a pressure port and connecting flanges 
made in deep drawn stainless-steel sheet metal and/or in casting material, 
with the casing characterized in that at least those components which can 
come into direct contact with the liquid are joined to the shell by laser 
welding. 

2. Arrangement in accordance with Claim 1, characterized in that the 
pressure port made in casting material has opposite monolithic spigots on 
the sides on its fitting to provide locations for mechanical production and 
assembly work. 

3. Arrangement in accordance with one or more of the preceding Claims, 
characterized in that a seat for the filler plug is provided and integrated on 
the pressure port. 

4. Arrangement in accordance with one or more of the preceding Claims, 
characterized in that the shell is joined by laser welding to an inner 
diaphragm made in deep drawn stainless-steel sheet metal and/or in 
casting material. 

5. Arrangement in accordance with one or more of the preceding Claims, 
characterized in that the diaphragm is one-piece and has a tubular portion 
which connects to the intake opening and a flanged area providing a 
separating wall within the shell. 

6. Arrangement in accordance with one or more of the preceding Claims, 
characterized in that the tubular portion of the diaphragm is joined by 
welding to a corresponding tubular portion of an intake flange co-axially 
and with oversize. 

7. Arrangement in accordance with one or more of the preceding Claims, 
characterized in that the flanged area of the disc is attached by welding to 
the shell co-axially and with oversize. 

8. Arrangement in accordance with one or more of the preceding Claims, 
characterized in that the arrangement provides for a take-off flange which 
is attached co-axially and is welded to the pressure port with oversize. 



